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HYDRAULIC STIMULATION INCREASES DEGASlFlCATlON 
RATE OF COALBEDS 
by 
C. H. Elder and Maurice Deul2 
ABSTRACT 
Coal d e g a s i f i c a t i o n  boreholes  d r i l l e d  from t h e  s u r f a c e  have been success  - 
f u l l y  h y d r a u l i c a l l y  s t imu la t ed  t o  i n c r e a s e  t he  flow of gas from t h e  c o a l .  
This Bureau of Mines r e p o r t  de sc r ibes  t h e  hyd rau l i c  s t i m u l a t i o n  procedure f o r  
a  coalbed,  t h e  equipment r e q u i r e d ,  and des ign  c r i t e r i a  f o r  t h e  t rea tment .  
Three examples of s t i m u l a t i o n  t rea tment  show from f i v e f o l d  t o  twentyfold 
i n c r e a s e s  i n  gas product ion .  The t e s t s  were conducted i n  t h e  Pocahontas No. 3 
coalbed,  Buchanan County, Va., t he  P i t t s b u r g h  coalbed,  Washington County, P a . ,  
and t h e  Mary Lee coa lbed ,  J e f f e r s o n  County, Ala.  Two s i t e s  where t h e  coa l  was 
h y d r a u l i c a l l y  s t imu la t ed  and exposed by subsequent mining show no  adverse 
e f f e c t  on mining ope ra t i ons  through t h e  t r e a t e d  zones.  The induced v e r t i c a l  
p a r t i n g s  were confined t o  t h e  coalbed and d i d  n o t  i n  any way a f f e c t  e i t h e r  
roof  o r  f l o o r  rock.  
INTRODUCTION 
D r i l l i n g  d e g a s i f i c a t i o n  h o l e s  i n t o  t h e  coalbed i n  advance of mining i s  
one method t o  reduce t h e  formation p re s su re  and t o  remove a  l a r g e  volume of 
t h e  conta ined  methane. Gasflow i n t o  a  borehole  i s  dependent upon coalbed 
pe rmeab i l i t y  and formation p r e s s u r e .  A g r e a t e r  r a t e  of d e g a s i f i c a t i o n  can be 
achieved by i n c r e a s i n g  coalbed pe rmeab i l i t y  i n  t h e  dra inage  a r e a  and by 
i n c r e a s i n g  t h e  s u r f a c e  a r e a  exposed f o r  more r a p i d  deso rp t ion .  Hydraul ic  
s t i m u l a t i o n  of  a  coalbed i s  designed t o  accomplish t h i s .  
Twelve t e s t  d e g a s i f i c a t i o n  boreholes  d r i l l e d  i n t o  coalbeds have been 
h y d r a u l i c a l l y  s t imu la t ed .  Product ion has  i nc reased  i n  t he se  t r e a t e d  boreholes  
from f i v e f o l d  t o  twentyfold.  These p re l imina ry  product ion  r e s u l t s  show t h a t  
t h i s  i s  a  va luab le  s t i m u l a t i o n  technique and warran ts  f u r t h e r  development. 
This  Bureau of Mines r e p o r t  de sc r ibes  t h e  hyd rau l i c  s t i m u l a t i o n  procedure 
and g ives  examples of t h e  a p p l i c a t i o n  of t h i s  technique i n  t h r e e  coa lbeds .  
2 ~ e s e a r c h  superv isor .  
DESCRIPTION OF HYDRAULIC STIMULATION 
Hydraulic stimulation increases fluid flow by inducing or extending a 
vertical parting in a selected section of a formation or coalbed by applying 
hydraulic pressure with controlled injection of gelled water. The parting 
achieved in this way is extended several hundred feet into the coalbed by 
continued pumping of a large volume of the treatment fluid. The length of 
induced parting depends upon the injection rate, formation strength charac- 
teristics, volume of treatment fluid, and the flow characteristics of the 
fluid. Sized particles, such as sieved sand, added to the gelled fluid are 
carried into the induced parting and serve as a propping agent to hold the 
parting open after the applied hydraulic pressure is released. The propped 
parting provides a highly permeable path to the borehole. The hydraulic 
fluid is water-gelled with a natural gum and contains chemical additives that 
cause the gel to break down and revert to a fluid of water viscosity after a 
few hours. This allows for the removal of the fluid from the induced parting 
and the borehole after stimulation treatment. The borehole is cleared of 
excess sand and treatment fluid and put on production for degasification of 
the coalbed. 
The hydraulically induced parting should be contained within the coalbed, 
and its orientation should be vertical and m y  follow the direction of the 
major cleat or joints. Hubbert and Willis ( 9 ) s  state that hydraulically 
induced fractures should form approximately perpendicular to the least 
principal stress and that in tectonically relaxed areas the least stress will 
be approximately horizontal; therefore, the fracture would be oriented ver- 
tically. They state further that not only will the fractures be vertical, 
but they also should have roughly the same direction of strike in all bore- 
holes treated within the immediate area. Fraser and Pettit (g), from a field 
test in the Howard Glasscock field in Howard County, Tex., where impression 
packer tests were run, concluded that the fractures are vertical even at very 
shallow depths and that the theoretical relationships between tectonic stress 
conditions, fracture type, and orientation are valid in their test area. 
Daneshy (2) deduces from his study that in practice, the well bore may contain 
discontinuities in the form of preexisting cracks (cleat and joints in coal) 
and bedding planes, that such features will locally change the stress distri- 
bution in their vicinity, and that they are likely placed for fracture orienta- 
tion. Harrison and Kieschnick (8) from their studies that where a 
consolidated sand is bounded by nonbrittle shales the vertical extent of 
the fractures would be limited by the shales; in west Texas relatively low 
horizontal compressive stresses and already existing fractures offered rela- 
tively little resistance to fracture induction and extension. 
EQUIPMENT 
The equipment for hydraulic stimulation consists of truck-mounted high- 
pressure positive-displacement injection pumps, gelled water, a storage tank, 
and a truck-mounted blender and sand proportioner. 
sunderlined numbers in parentheses refer to the list of references at the end 
of this report. 
A t y p i c a l  pump u n i t  i s  c a p a b l e  of  d e l i v e r i n g  1 ,000  h y d r a u l i c  hp w i t h  up 
t o  42 bbl /min i n j e c t i o n  r a t e  a t  h i g h  p r e s s u r e ,  a l t h o u g h  t h e  b u r s t  p r e s s u r e  of 
c a s i n g  o r  t u b i n g  i s  never  exceeded.  
The b l e n d i n g  equipment c o n s i s t s  of b o o s t e r  pumps, semiautomat ic  p ropor -  
t i o n e r s ,  and a j e t  b l e n d e r  f o r  i n l i n e  mixing of g e l l e d  f r a c t u r n i n g  f l u i d ,  
chemical  a d d i t i v e s ,  and a  propping a g e n t  a t  t h e  volume c a p a c i t y  matching t h e  
pump u n i t .  A s t o r a g e  t ank  f o r  wa te r  and f r a c t u r e  f l u i d  e q u a l  t o  t h e  b a t c h  
volume of t h e  h y d r a u l i c  s t i m u l a t i o n  t r e a t m e n t  i s  p laced  on s i t e  a t  a  l o c a t i o n  
conven ien t  t o  t h e  pumping, b lend ing  u n i t s ,  and t h e  b o r e h o l e .  A hopper t r u c k  
i s  used f o r  c a r r y i n g  and d i s p e r s i n g  t h e  propping a g e n t  (10-  t o  20-mesh sand)  
t o  t h e  p r o p o r t i o n e r  and j e t  b l e n d e r  f o r  t h e  f r a c t u r e  t r e a t m e n t .  
Recording f low and p r e s s u r e  mete r s  a r e  used t o  moni tor  t h e  mixing of  
chemicals  and propping a g e n t ,  i n j e c t i o n  r a t e ,  and wel lhead p r e s s u r e s  t o  
p r o v i d e  c o n t r o l  d u r i n g  t h e  f r a c t u r e  s t i m u l a t i o n  t r e a t m e n t .  
HYDRAULIC STIMULATION TREATMENT DESIGN 
Procedures  i n   h he Fracbook ~ e s i g n / ~ a t a  Manual" (l) of  H a l l i b u r t o n  
S e r v i c e s ,  Duncan, O k l a . ,  were used t o  s e l e c t  a  h y d r a u l i c  t r e a t m e n t  d e s i g n .  
The p rocedures  i n c o r p o r a t e  boreho le  and fo rmat ion  f a c t o r s ,  e n g i n e e r i n g  t h e o r y ,  
and r e s u l t s  of c a s e  s t u d i e s  i n  p r e p a r i n g  an e f f e c t i v e  f r a c t u r e  p l a n .  
The f o l l o w i n g  c r i t e r i a  a r e  used i n  deve lop ing  a  s t i m u l a t i o n  t r e a t m e n t  
d e s i g n :  
I n j e c t i o n  r a t e  
Assumed f r a c t u r e  h e i g h t  
Net fo rmat ion  t h i c k n e s s  
young 's  e l a s t i c  modulus 
Format ion p e r m e a b i l i t y  
Formation p o r o s i t y  
Bottom h o l e  t r e a t m e n t  p r e s s u r e  
R e s e r v o i r  p r e s s u r e  
F l u i d  l o s s  c o e f f i c i e n t  
S p u r t  l o s s  c o e f f i c i e n t  
Type of g e l  
Gel c o n c e n t r a t i o n  
Well s p a c i n g  
Drainage r a d i u s  
Well b o r e  r a d i u s  
Damage r a t i o  
Flow behav ior  index 
F r a c t u r e  f l u i d  c o n s i s t e n c y  index  
Type and c o n c e n t r a t i o n  of  propping agen t  
bbl /min 
f e e t  (coalbed t h i c k n e s s )  
f e e t  ( coa lbed  t h i c k n e s s )  
l b  / i n 2  
md 
l b / 1 , 0 0 0  g a l  
a c r e a g e  
f t  
f t  
mesh s i z e  -sand l b / g a l  
average  
The v a l u e s  f o r  t h e  d e s i g n  c r i t e r i a  a r e  used i n  c a l c u l a t i n g  c r e a t e d  f r a c -  
t u r e  l e n g t h ,  l e n g t h  o f  propped f r a c t u r e ,  h e i g h t  of p ropper  f r a c t u r e ,  amount of 
p ropp ing  a g e n t  r e q u i r e d ,  and expec ted  p r o d u c t i o n  i n c r e a s e  f o r  v a r i o u s  volumes 
of t r e a t m e n t .  ~ r o i  t h e s e  c a l c u l a t e d  r e s u l t s  t h e  b e s t  t r e a t m e n t  p l a n  is  s e l e c t e d .  
An i n j e c t i o n  r a t e  of 10 bb l lmin  was s e l e c t e d  f o r  r e l a t i v e l y  t h i n  coalbeds  
t o  c o n t a i n  t h e  propogated f r a c t u r e  w i th in .  t h e  c o h b e d .  A g r e a t e r  i n j e c t i o n  
r a t e  should tend t o  c r e a t e  h i g h e r  f r a c t u r e  h e i g h t s .  A lower i n j e c t i o n  r a t e  
cou ld  have s o  low a  f l u i d  v e l o c i t y  t h a t  t h e  propping sand cou ld  s e t t l e  o u t ,  
p lug  t h e  c r e a t e d  f r a c t u r e ,  and e f f e c t i v e l y  s t o p  t h e  h y d r a u l i c  f r a c t u r e  s t imu-  
l a t i o n  procedure .  
A volume of f r a c t u r e  f l u i d  o r  pad i s  pumped i n t o  t h e  fo rmat ion  t o  
i n i t i a t e  and c o n d i t i o n  t h e  f r a c t u r e  b e f o r e  t h e  propping agen t  i s  added. The 
volume used i s  determined from e v a l u a t i o n  of fo rmat ion  f a c t o r s .  Formation 
f a c t o r s  such a s  coalbed t h i c k n e s s ,  p o r o s i t y ,  p e r m e a b i l i t y ,  and fo rmat ion  
p r e s s u r e  were ob ta ined  from e x p l o r a t o r y  c o r e  h o l e  d r i l l i n g  r eco rds  and t e s t  
r e s u l t s  ob ta ined  du r ing  t h e  d r i l l i n g  of  t h e  d e g a s i f i c a t i o n  bo reho l e s .  Gas 
p r e s s u r e s  i n  t h e  coalbed were measured by bot tom-hole  p r e s s u r e  bu i ldup  t e s t s .  
Pe rmeab i l i t y  was c a l c u l a t e d  from t h e  bot tom-hole  p r e s s u r e  bu i ldup  curves  and 
gas  and /or  wate r  p roduc t i on  d a t a  ob t a ined  d u r i n g  d r i l l  stem test ( d s t ) .  
P o r o s i t y  of t h e  coalbed was ob t a ined  from l a b o r a t o r y  t e s t s  and from e s t i m a t e s  
of i n p l a c e  p o r o s i t y  r e l a t e d  t o  t h e  j o i n t  o r  c l e a t  spac ing  of t h e  coalbed a s  
observed i n  nearby mines and from c o r e  samples.  A v a l u e  of 0 . 3  X l o6  f o r  
Young's modulus of  e l a s t i c i t y  was used f o r  c o a l  i n  t h e  d e s i g n  ( 5 ) .  - 
Other de s ign  c r i t e r i a  r e l a t i n g  t o  f l u i d  p r o p e r t i e s  and f low p r o p e r t i e s  
were ob ta ined  from t a b l e s  and c h a r t s  i n  t h e  Fracbook ( 7 ) ,  developed by expe r -  
imenta l  r e s e a r c h  i n  H a l l i b u r t o n ' s  l a b o r a t o r y .  The ~ a l i i b u r t o n  Se rv i ce s  com- 
p u t e r  was used i n  c a l c u l a t i o n s  f o r  d e s i g n  of each  t r e a tmen t  program. 
EXAMPLES 
Three h y d r a u l i c  s t i m u l a t i o n  t r e a tmen t s  have been s u c c e s s f u l l y  completed 
i n  t h e  Pocahontas No. 3  coa lbed ,  Buchanan County,  Va. ,  t h e  Mary Lee coa lbed ,  
J e f f e r s o n  County, A l a . ,  and t h e  P i t t s b u r g h  coa lbed ,  Washington Country ,  Pa.  
Pocahontas No. 3  Coalbed, Buchanan County,  Va. ( 2 )  
A t e s t  h o l e  was d r i l l e d  i n t o  a  p r o j e c t e d  b a r r i e r  p i l l a r  i n  an a r e a  n o t  
t o  be  mined f o r  s e v e r a l  y e a r s .  The test s i t e  i s  i n  c e n t r a l  Buchanan County, 
Va. The h o l e  p e n e t r a t e d  a  s e r i e s  of  Pennsy lvan ian  s ands tones ,  s h a l e s ,  and 
c o a l s  t o  t e s t  t h e  gassy  Pocahontas No. 3  coa lbed .  The 1 ,530- foo t -deep  h o l e  
was logged w i th  a  gamma r a y - d e n s i t y  logg ing  t o o l  t o  o b t a i n  geophys ica l  d a t a  
on fo rmat ion  d e n s i t y ,  p o r o s i t y ,  and l i t h o l o g y  ( f i g .  1 ) .  The 8- inch-diameter  
h o l e  was cased  w i th  4 .5 - inch  s t e e l  c a s i n g  from t h e  s u r f a c e  t o  t h e  t o p  of t h e  
coa lbed ,  and t h e  c a s i n g  was pressure-cemented.  
Moni tor ing equipment c o n s i s t i n g  of  a  f lowmeter and p r e s s u r e  gages was 
i n s t a l l e d .  Waterflow was measured a t  1 . 3  g a l l h r .  The i n f l owing  wate r  
i n h i b i t e d  t h e  f low of gas  and r e q u i r e d  f r equen t  swabbing t o  ma in t a in  a  gasf low.  
The bo reho l e  flowed gas  a t  600 f t 3 / d  w i t h  con t inued  swabbing t o  r i d  t h e  h o l e  
of wa t e r .  
I n  J u l y  1970, a  h y d r a u l i c  s t i m u l a t i o n  procedure  des igned  by t h e  Bureau of 
Mines was a t t empted .  The coa lbed  was t r e a t e d  s u c c e s s f u l l y  w i t h  a  th ickened  





FIGURE 1. - Lithology, gamma ray, and 
density log of strata over- 
lying the-Pocahontas No. 3 
coalbed, Buchanan County, 
Va. 
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water-base f r a c t u r i n g  f l u i d  con ta in ing  10 -  t o  20-mesh sand a s  a propping agent  
( f i g .  2 ) .  The i n i t i a l  f r a c t u r e  i n  t h e  coalbed occured a t  3,200 l b / i n 2 .  The 
f r a c t u r e s  were propagated i n t o  the  coalbed wi th  2,400 t o  3,450 l b / i n 2  pump 
pres su re  a t  an  average i n j e c t i o n  r a t e  of 10 bbl/min of ge l led-water  f r a c t u r i n g  
f l u i d .  Fourteen thousand e i g h t  hundred ga l lons  of f r a c t u r i n g  f l u i d  and 
4,000 l b  of  10 -  t o  20-mesh propping sand were i n j e c t e d  i n t o  t h e  induced f r a c -  
t u r e s  i n  t h e  coalbed.  The h igh  i n i t i a l  f r a c t u r e  a t  3,200 l b / i n 2  i s  caused 
by complex r e s i d u a l  t e c t o n i c  fo rces  i n  t h e  a r e a  of t h e  t e s t  h o l e  ( 9 ) .  - 
An a d d i t i o n a l  f a c t o r  f o r  the h igh  break p re s su re  may be due t o  borehole  
damage. Cervik and Cet inbas (L), i n  r e sea rch  on water  i n f u s i o n  f o r  methane 
c o n t r o l ,  experienced d i f f i c u l t y  i n f u s i n g  t h e  f r i a b l e  Pocahontas No. 3 coalbed 
through a h o r i z o n t a l  h o l e  d r i l l e d  i n t o  t h e  coalbed from mine workings. An 
experiment was conducted t o  determine i f  a zone of reduced pe rmeab i l i t y  s u r -  
rounded t h e  h o r i z o n t a l  borehole .  A 1- inch-p ipe  was grouted t o  a depth  of  
195 f e e t  i n  a 200-foot ho l e .  Gasflow r a t e  from t h i s  5 f e e t  of h o l e  was 
300 f t 3 / d .  The h o l e  was f r a c t u r e d  w i t h  water .  Break occurred a t  1 ,200  l b / i n 2  
followed by an  abrupt  drop i n  p r e s s u r e  ( f i g .  3 ) ;  a secondary f r a c t u r e  occurred 
s h o r t l y  a f t e rwards .  Water i n j e c t i o n  r a t e  du r ing  t rea tment  was 1 5  gal /min,  t h e  
maximum c a p a c i t y  of  t h e  pump. Gasflow a f t e r  t rea tment  about  a month la ter  w a s  
13,000 f t 3 / d .  
A f t e r  s t i m u l a t i o n  t rea tment  of  t h e  v e r t i c a l  borehole ,  t h e  h o l e  was 
swabbed t o  remove water and gasf low was monitored. On t h e  f i r s t  day, water -  
f low decreased  from 120 t o  20 g a l / h r .  Gasflow inc reased  from 2,500 t o  
3,500 f t s / d  ( s t p )  a s  water was dra ined  from the  expanding dra inage  r a d i u s .  
During t h e  second day waterf low averaged 15 g a l / h r  bu t  flowed i n  s u r g e s ;  t h e  
TIME, min 
- I/2 l b/gol sand - 
Resume - 
Flow well bock 
I . 1 I I - 
f 
FIGURE 2. - Wellhead pressure and injection rate charts of hydraulic stimulation treatment of 
Pocahontas No. 3 coalbed. 
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FIGURE 3. - Hydrafrac of horizontal hole i n  Pocahontas of mining (4 ) .  F ive  ho les  
No. 3 coalbed. (1,081 t o  1T093 f e e t  t o t a l  
depth)  were d r i l l e d  i n  a  
gasflow increased  from 
3,500 t o  9,900 f t V d  ( s t p ) .  
The fou r th  day, gasflow 
r a t e s  increased  t o  
12,000 f F / d  ( s t p ) ,  whi le  - 
t he  waterflow r a t e  decreased,  
OW flowing an average of 
10 g a l / h r  dur ing  flow 
pe r iods ,  but w i th  a  longer  
flow-nonflow cyc le .  On t h e  
f i f t h  day gasflow s t a b i l i z e d ,  
. - averaging 12,000 f @ / d  ( s t p ) ,  
ul 
a whi le  t h e  waterf low r a t e  
cont inued t o  d e c l i n e  t o  
W 
8 0 0 -  
- 2.9 g a l / h r  flowing i n  cyc les  
p a t t e r n  on a  s t r u c t u r a l  nose on t h e  f l a n k  of t h e  Sequatchie  a n t i c l i n e .  The 
ho le s  p e n e t r a t e  Pennsylvanian sands tones ,  s h a l e s ,  and coalbeds ( f i g .  5 ) .  
D r i l l i n g  was completed i n  J u l y  1971. Hole 3 SW was d r i l l e d  t o  t h e  top of t h e  
of  12 hours of  nonflow 
( f i g .  4 ) .  
The twentyfold i n c r e a s e  
i n  gas  flow was, indeed,  
encouraging. It was ev iden t ,  
however, t h a t  a  pumping o r  
swabbing s e r v i c e  must be 
provided t o  remove t h e  water  
inf low t o  main ta in  s t a b l e  
gas product ion.  
Mary Lee Coalbed, 
J e f f e r s o n  County, 
- Ala. 
A t e s t  s i t e  was l oca t ed  
i n  s e c t i o n  23, T 18S, R 6  W 
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coalbed a t  a  1 ,075-foot  depth and cased wi th  7-inch s t e e l  cas ing .  Af t e r  
0 10 2 0  3 0  40 County, Ala. , f o r  experimen- 
I 
cas ing  t h e  ho l e ,  5  f e e t  of  coalbed was cored and t h e  borehole  was put  on pro-  
1 
duct ion .  Gas product ion  was low a t  t h e  s t a r t  bu t  increased  a s  t h e  coalbed was 
dewatered. The maximum product ion was from borehole  3  SW. Af t e r  16 months, 
p roduct ion  from t h i s  ho l e  had reached an average of  5,000 f @ / d  gas  w i th  
6 bbl /d  water .  A s t i m u l a t i o n  t rea tment  was then planned t o  t e s t  t h e  e f f e c t i v e -  








































































FIGURE 5. - Lithology, gamma ray, 
and density log of 
strata overlying the 
Mary Lee coalbed, 
Jefferson County, Ala. 
A hydraulic stimulation treatment program was prepared with the aid of a 
design plan of Halliburton Services . Design 2 from a computer calculation 
(tables 1 and 2) selected for the treatment plan provided for 10. 000 gal 
of gelled water. with a 2.50 0.gal water pad to be injected into the coal 
at 10 bbl/min to propagate a fracture or parting . Six thousand pounds of 
10- to 20-mesh sand were mixed with the fracture fluid at the rate of 
314 lb/gal to serve as a propping agent in the induced fracture after 
treatment . 
TABLE 1 . . Hydraulic fracture stimulation plan. site 1. hole 3 SW. 
Jefferson County. Ala . 







TABLE 2 . . Criteria used in computation of hydraulic fracture stimulation 
plan (7). site 1. hole 3 SW. Jefferson County. Ala . 
Injection rate ........................................... bblldn .. 
Assumed fracture height ....................................... ft .. 
Net formation thickness ....................................... ft .. 
Plastic modulus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .lb/in 2. . 
Formation permeability ........................................ md .. 
Formation porosity ........................................... pct .. 
Bottom hole treatment pressure ........................... .lb/in2 .. 
Reservoir pressure ........................................ lb/in2 .. 
.. Reservoir fluid vis ........................................... cp 
CW-- Fluid loss coef .................................... f t/minll2 .. 
Spurt loss ............................................... g al/ft2 .. 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Type of gel (Halliburton) 
Gel concentration ................................... 1 ,  0 0  gal .. 
n'-Prime .......................................................... 
k' -prime (slot) ..................................... lbr -secn /ft? .. 
Well spacing ............................................... acres .. ... Drainage radius ... .....................*...*..*.**.*...*... ft.. 
Wellbore radius . .............................................. ft .. 
Damage ratio ...................................................... 







The treatment was done through 2-718-inch high-pressure tubing with a 
tension packer in the string set at 988 feet in the 7-inch casing . The bottom 























































The initial fracture of the coal occurred at 800 lb/in2 gage. The frac- 
ture was extended into the coalbed at 1,100 to 1,200 lb/in2 pumping pressure 
and a steady 10 bbllmin injection rate. Ten thousand gallons of gelled water 
and 6,000 lb of 10- to 20-mesh propping sand were p q e d  into the coalbed 
during propogation of the fracture (fig. 6). After treatment, the borehole 
was swabbed free of water, and 30 feet of sand fillup was cleared from the 
borehole. After the water pump was installed, the borehole was returned to 
production. All fracturing fluid was recovered. 
The gasflow increased after treatment from 5,000 ft3/d to a maximum rate 
of 90,000 ft3/d in 11 days (fig. 7). During the next 7 months a normal 
decline in flow occurred. The flow rate stabilized at 50,000 ft3/d. The 
actual tenfold production is very close to the calculated production increase 
of 11.7-fold. 
Pittsburgh coalbed, Washington County, Pa. 
A test site was located near Lone Pine, Washington County, Pa., for 
experimental degasification of the Pittsburgh coalbed in advance of mining. 
Four holes 405 to 552 feet in depth were drilled in a pattern on the flank 
of the Amity anticline. The holes penetrated Pennsylvanian sandstones, 
C . - - 
E 
1 Mixing fracture fluid 
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w - Formation - 
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FIGURE 6. - Wellhead pressure and inject ion rate charts of hydraulic stimulation of 
Mary Lee  coal bed. 
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FIGURE 7. - Gas and water production rates before and 
after hydraulic stimulation treatment of 
Mary Lee coalbed. 
s h a l e s ,  l imes tones ,  and c o a l -  
bed ( f  i g .  8) .  Nine - inch-  
diameter  ho l e s  were d r i l l e d  
near  t h e  top of t h e  coalbed 
and cased wi th  7- inch s t e e l  
ca s ing .  A f t e r  t h e  ho l e s  
were cased ,  t h e  7- foot  c o a l -  
bed was cored and t h e  bo re -  
h o l e s  pu t  on product ion .  
I n i t i a l  gas product ion  
beginning i n  June 1972 was 
low bu t  i nc reased  a s  t h e  
coalbed was dewatered. 
A f t e r  1 8  months, gas produc - 
t i o n  from borehole  1 NE 
s t a b i l i z e d  a t  a n  average of 
7,000 f t 3 / d  wi th  4-114 bbl /d  
of water .  This  borehole  was 
f r a c t u r e - t r e a t e d  t o  improve 
d e g a s i f i c a t i o n  r a t e  and test 
t h e  e f f e c t i v e n e s s  of s t imu-  
l a t i o n  of t h e  P i t t s b u r g h  
coa lbed .  
The h y d r a u l i c  s t imu- 
l a t i o n  t rea tment  program was 
FIGURE 8. - Lithology, gamma ray, and density logs of 
strata overlying the Pittsburgh coalbed, 
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20 2.5 3.0 
' prepared  u t i l i z i n g  a des ign  
p l a n  of H a l l i b u r t o n  Se rv i ce s .  
Design 2 from t h e  computer 
o u t p u t ,  s e l e c t e d  f o r  t h e  
t rea tment  p l a n  ( t a b l e s  3 and 
4 ) ,  p rovides  f o r  10,000 g a l  
of g e l l e d  water  wi th  a 
1,600 -gal  water  pad t o  be  
i n j e c t e d  i n t o  t h e  c o a l  of 
10  bbl lmin.  S i x  thousand 
pounds of 10-  t o  20-mesh 
sand were mixed wi th  frat- 
t u r e  f l u i d  a t  t h e  r a t e  of 
112 t o  314 l b / g a l  t o  s e r v e  
a s  a propping agent  i n  t h e  
induced f r a c t u r e .  
The t rea tment  was done 
through 2-718-inch h igh -  
p r e s s u r e  tub ing  wi th  a 
t e n s i o n  packer  i n  t h e  s t r i n g  
set a t  412 f e e t  i n  t h e  7-  
TABLE 3 . . Hydraulic f r a c t u r e  s t imula t ion  . plan. s i t e  3. hole  1 NEy 
Washington County. Pa . 
Source: Computer computation from Ha l l ibu r ton  Services  . 
TABLE 4 . . C r i t e r i a  used i n  computation of hydraul ic  f r a c t u r e  s t imula t ion  







The i n i t i a l  f r a c t u r e  of t h e  coal  was achieved a t  500 lb / in2  gage . The 
f r a c t u r e  was extended i n t o  t h e  coalbed a t  1. 200 t o  1. 400 l b / i n 2  pumping p res -  
su re  and a s teady 11.4-bbl/min i n j e c t i o n  r a t e  . Ten thousand two hundred and 
t h i r t y  ga l lons  of ge l l ed  water and 6 .  000 l b  of 10- t o  20-mesh propping sand 
were pumped i n t o  the  coalbed during propagation of f r a c t u r e  ( f i g  . 9) . Midway 
through t h e  pumping. the  formation plugged . The system was allowed t o  back- 
flow t o  c l e a r  the  blockage and the  treatment was completed . Afte r  treatment 
the  borehole was swabbed f r e e  of water .  and a few f e e t  of sand accumulation 
was cleaned from the  borehole . With r e i n s t a l l a t i o n  of t h e  water pump. the  
borehole was re turned t o  production . A l l  f r a c t u r i n g  f l u i d  was recovered . 
Production 






f r a c t u r e .  
f e e t  
I n j e c t i o n  r a t e  ...................................... n .. 
Assumed f r a c t u r e  he igh t  ....................................... f t  .. 
Net formation thickness .... .................................. . f t  .. 
E l a s t i c  modulus ........................................... / i n 2  . 
Formation permeabil i ty ........................................md.. 
Formation poros i ty  ............................................ p c t  .. 
Bottom ho le  t reatment  pressure  ......................... .. . l b / in2  .. 
Reservoir  pressure  ........................................ l b / in2  .. 
Reservoir  f l u i d  v i s  ........................................... cp .. 
CW-. F lu id  l o s s  coef ................. ... ......... .. .... £t/min1I2 .. 
............................... Spur t  l o s s  ... ............ . ga l /£ t2  .. 
......................................... Type of ge l  (Hal l ibur ton)  
................................... Gel concent ra t ion  b / l O O O  ga l  .. 
nl-Prime .......................................................... 
..................................... kt-pr ime ( s l o t )  l b , - secn / f t2  .. 
Well spacing ............................................... ac res  .. 
............................................... Drainage r ad ius  f t  .. 
.. Wellbore r ad ius  ................................................ f t  
Damage r a t i o  ...................................................... 
Type and conc prop sand (10 -20 -mesh sand) ............. l b / g a l  avg .. 
Viscos . 
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FIGURE 9. - Wel lhead pressure and iniection rate charts of hydraulic stimulation treatment of 
Pittsburgh coolbed. 
The gasflow increased a f t e r  t reatment  from an average of 7,000 f t 3 / d  t o  
a r a t e  of 35,750 f t 3 / d  i n  3-1/2 months. Gas production had not  s t a b i l i z e d  
( f i g .  10 ) .  
OBSERVED INDUCED FRACTURES I N  COALBEDS 
The No. 6 coalbed i n  Je f fe r son  County, Ill., was hydrau l i ca l ly  s t imula ted  
i n  a d e g a s i f i c a t i o n  borehole about 1,500 f e e t  i n  advance of mining. The stimu- 
l a t i o n  design provided f o r  t h e  i n j e c t i o n  of 12,000 g a l  of f r a c t u r i n g  f l u i d  and 
6,400 l b  of 10 -  t o  20-mesh propping sand. The induced f r a c t u r e  was observed 
i n  the  coalbed where i t  in t e rcep ted  development e n t r i e s  i n  the  mine. The sand- 
propped f r a c t u r e  occurred i n  t h e  upper p a r t  of t h e  coalbed, extending from the  
roof t o  a 3-inch sha le  p a r t i n g  22 inches above t h e  f l o o r .  The induced f r a c -  
t u r e  was mapped f o r  416 f e e t  from t h e  borehole s t r i k i n g  i n  a d i r e c t i o n  of 
N 76' E .  The f r a c t u r e  was a s i n g l e  v e r t i c a l  plane,  1 / 8  t o  114 inch wide, and 
7 f e e t  high.  It was f i l l e d  with propping sand from the  roof t o  a sha le  
p a r t i n g  22 inches above the  f l o o r  of t h e  coalbed. A h a i r l i n e  crack i n  t h e  
roof was exposed where the  continuous miner removed a small a r e a  of head coal .  
The head coal  genera l ly  i s  l e f t  i n  p lace  during mining f o r  roof  con t ro l .  The 
crack extended a few inches i n t o  t h e  roof rock.  I t  d id  not  con ta in  sand o r  
f l u i d .  The roof rock was dry and sound across  t h e  crack  and showed no o f f s e t  
o r  weakness. Production d a t a  on s t imula t ion  e f f e c t  f o r  t h i s  test s i t e  showed 
an inc rease  from i n i t i a l  production of 100 t o  200 f t 3 / d  t o  4,300 f t 3 / d .  
FIGURE 10. - Gas ond water production rotes before and after hydraulic stimulotion treotment 
of Pittsburgh coalbed. 
A t e s t  ho le  i n  t h e  P i t t sbu rgh  coalbed i n  Washington County, Pa . ,  was 
d r i l l e d  500 f e e t  i n  advance of mining and h y d r a u l i c a l l y  s t imula ted  t o  s p e c i f -  
i c a l l y  observe t h e  e f f e c t  of f r ac tu r ing .  The induced f r a c t u r e s  were exposed 
dur ing  mining; they were v e r t i c a l ,  extending from roof rock t o  f l o o r  rock.  
There i s  no evidence of f r a c t u r e s  extending i n t o  t h e  roof o r  f l o o r  rock of t h e  
mine, and t h e  roof and f l o o r  of t h e  mine were dry  and sound. The induced 
f r a c t u r e s  w i th in  a few f e e t  of the  t e s t  ho le  ranged from 1 / 8  t o  2-1/2 inches 
i n  width and were f i l l e d  wi th  10-  t o  20-mesh propping sand from f l o o r  t o  roo f .  
The f r a c t u r e s  were propagated along the  b u t t  and f a c e  c l e a t  d i r e c t i o n s  i n  the  
coalbed. The t o t a l  l eng th  of t he  induced f r a c t u r e s  had not been exposed-by 
mining a t  t h e  t ime of t h i s  wr i t i ng .  
DISCUSSION AND CONCLUSIONS 
Coalbeds can be succes s fu l ly  h y d r a u l i c a l l y  s t imula ted  from a borehole t o  
i nc rease  the  r a t e s  of gas product ion.  The gas product ion r a t e  a f t e r  s t imula-  
t i o n  shows an i n c r e a s e  of from f i v e f o l d  t o  twentyfold over t he  product ion r a t e  
before  s t imu la t ion .  
A v e r t i c a l  induced f r a c t u r e  i s  expected i n  the  coalbed due t o  the s t rong 
jo in ted  charac ter  of the  coalbed and a l s o  due t o  the  f a c t  t h a t  the  i n j e c t i o n  
pressures  a r e  normally too low t o  l i f t  the  overburden f o r  a ho r i zon ta l  
f r a c t u r e .  
Impression packers have shown t h a t  v e r t i c a l  f r a c t u r e s  were crea ted  
perpendicular  t o  the  l e a s t  i n  s i t u  pressure  i n  t h e  formation; genera l ly  t h e i r  
d i r e c t i o n  i s  a f f e c t e d  by major j o i n t s  i n  the  formation. 
Ver t i ca l  induced f r a c t u r e s  observed i n  the No. 6 coalbed of I l l i n o i s  and 
t h e  Pi t t sburgh coalbed of Pennsylvania were contained wi th in  the  coalbed. No 
adverse e f f e c t  o r  ex tens ion  of the induced f r a c t u r e s  i n t o  the  roof o r  f l o o r  
rock of the mine was evident .  The width and length  of the  induced f r a c t u r e s  
observed i n  coalbeds c o r r e l a t e  c l o s e l y  t o  the  c a l c u l a t e d  values i n  the  t r e a t -  
ment designs.  From these  observat ions,  i t  i s  evident  t h a t  hydraul ic  s t imula-  
t i o n  treatments  can be designed t o  inc rease  d e g a s i f i c a t i o n  r a t e s  from a 
coalbed without c rea t ing  hazardous condit ions f o r  mining. 
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